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© Noise-immune space diversity receiver. 



© In a space diversity receiver, matched filters (2) 
and a like number of channel estimators (3) are 
respectively coupled to diversity antennas to receive 
sequentially coded symbol sequences. A branch 
metric calculator (4) receives the outputs of the 
matched filters (2) and the estimates from the chan- 
nel estimators (3) to calculate a branch metric of the 
received sequences for coupling to a maximum like- 
lihood (ML) estimator. The branch metric is obtained 
by summing branch metric coefficients derived from 
channel estimates respectively with the output of the 
matched filters or by summing branch metric coeffi- 
cients derived from a vector sum of channel es- 



timates with the matched filter outputs. In another 
embodiment, adaptive channel estimators are pro- 
vided for deriving channel estimates from received 
sequences and the output of an ML estimator. First 
branch metrics are derived from the received se- 
quences and supplied to a branch metric quality 
estimator in which quality estimates of the channels 
are derived from the first branch metrics. An evalu- 
ation circuit evaluates the first branch metrics ac- 
cording to the quality estimates and produces a 
second branch metric for coupling to the ML estima- 
tor. 



HG.1 



CM 
< 

rs 

CM 
CO 

o> 



0L 
Ul 




SOFT- 

DfCIJfON 

VITCRBI 

oecoou 



Rank Xerox (UK) Business Services 



1 



EP 0 449 327 A2 



2 



RELATED APPLICATION 

The present invention is related to Co-pending 
United States Patent Application Serial Number 
07/517,883, titled "Space Diversity TDM A Receiv- 
er", K. Okanoue, filed May 2, 1990 and assigned to 
the same assignee as the present invention. 

BACKGROUND OF THE INVENTION 

The present invention relates to diversity re- 
ception of signals propagating over distinct fading 
channels. 

It is known to combine a diversity system with 
an equalization system for purposes of improving 
the performance of a receiver. One such technique 
is the decision feedback equalization in which 
matched filters or forward equalizers are provided 
respectively at diversity antennas and their outputs 
are combined and fed into a decision-feedback 
equalizer (as described in K. Watanabe, "Adaptive 
Matched Filter And Its Significance To Anti-Mul- 
tipath Fading", IEEE publication (CH2314- 
3/86/0000-1455) 1986, pages 1455 to 1459, and P. 
Monsen, "Adaptive Equalizer of The Slow Fading 
Channel", IEEE, Transactions of Communications, 
Vol. COM-22, No. 8, August 1974). 

Another technique is the maximum likelihood 
estimation in which the quality (spread of intersym- 
bol interference and signal to noise ratio) of a 
received signal at each diversity antenna is es- 
timated and a signal having the largest value is 
selected on the basis of the quality estimates (as 
described in Okanoue, Furuya. "A New Post-Detec- 
tion Selection Diversity With MLSE Equalization", 
B-502, institutes of Electronics Information and 
Communications, Autumn National Meeting, 1989). 
To implement the maximum likelihood sequence 
estimation, the Viterbi algorithm is well known. By 
summing constants uniquely determined by 
matched filters and communication channels (as 
defined by the second and third right terms of 
Equation 8b, page 18, J.F.Hayes, "The Viterbi Al- 
gorithm Applied to Digital Data Transmission", 
IEEE Communication Society, 1975, No. 13, pages 
15-20), a branch metric of received symbol se- 
quences is determined and fed into a soft-decision 
Viterbi decoder. 

However, prior art systems are still not satisfac- 
tory if the branch metric is severely affected by 
channel noise and intersymbol interference. In ad- 
dition, if variabilities exist in signal to noise ratio 
between signals received by different diversity an- 
tennas during a deep fade, all such signals will be 
treated alike and an error is likely to result in 
maximum likelihood sequence estimation. 

SUMMARY OF THE INVENTION 



It is therefore an object of the present invention 
to provide a space diversity receiver for a commu- 
nications system in which the quality of reception 
is significantly affected by channel noise and inter- 
5 symbol interference. 

According to a first aspect of the present in- 
vention, there is provided a diversity receiver hav- 
ing a plurality of diversity antennas for simulta- 
neously receiving sequentially coded symbol se- 

70 quences propagating over distinct communications 
channels from a point of transmission to the anten- 
nas. The receiver comprises a plurality of channel 
estimators respectively coupled to the antennas for 
deriving respective estimates of impulse responses 

75 of the communication channels from the received 
sequence. A plurality of matched filters are asso- 
ciated respectively with the channel estimators and 
the diversity antennas. Each of the matched filters 
has a tapped delay line coupled to the associated 

20 antenna and a plurality of multipliers coupled re- 
spectively to successive taps of the tapped delay 
line for controlling tap weight coefficients of the 
multipliers in response to an output signal from the 
associated channel estimator and integrating 

25 weighted signals generated by the multipliers to 
produce a matched filter output A branch metric 
calculator is provided for receiving the outputs of 
the matched filters and the estimates from the 
channel estimators for calculating a branch metric 

30 of the signals received by the antennas for cou- 
pling to a maximum likelihood sequence estimator. 

Specifically, in one embodiment, the branch 
metric calculator comprises a plurality of branch 
metric coefficient calculators which respectively re- 

35 ceive output signals from the channel estimators to 
calculate branch metric coefficients. A plurality of 
first adders provide summation of output signals 
from the branch metric coefficient calculators with 
output signals from the matched filters, and a sec- 

40 ond adder provides summation of the outputs of 
the first adders to produce a branch metric. In a 
modified embodiment, the the branch metric cal- 
culator comprises a vector adder for providing vec- 
tor summation of impulse response vectors from 

45 the channel estimators to produce an output im- 
pulse response vector. A branch metric coefficient 
calculator is provided for deriving a branch metric 
coefficient from the output impulse response vec- 
tor. The output signals from the matched filters are 

so summed with the branch metric coefficient to pro- 
duce a branch metric. 

According to a second aspect of the present 
invention, a plurality of adaptive channel estimators 
are respectively coupled to the diversity antennas 

55 for deriving estimates of impulse responses of the 
communication channels respectively from the re- 
ceived sequences and a previously received signal. 
A plurality of branch metric calculators are also 
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coupled respectively to the diversity antennas for 
deriving first branch metrics respectively from the 
received sequences. A branch metric quality es- 
timator is coupled to the adaptive channel estima- 
tors for deriving from output signals of the channel 
estimators a plurality of branch metric quality es- 
timates of the communications channels, respec- 
tively. A branch metric evaluation circuit is coupled 
to the branch metric calculators and the branch 
metric quality estimator for evaluating the first 
branch metrics in accordance with the branch met- 
ric quality estimates and producing a second 
branch metric. A maximum likelihood sequence 
estimator derives a maximum likelihood estimate of 
the received sequences from the second metric 
branch and applies it to the adaptive channel es- 
timators as the previous signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 shows in block form a space diversity 
receiver according to a first embodiment of the 
present invention; 

Fig. 2 shows details of each channel estimator 
of Fig. 1; 

Fig. 3 shows in block form one embodiment of 

the branch metric calculator of Fig. 1; 

Fig. 4 shows in block form another embodiment 

of the branch metric calculator of Fig. 1; 

Fig. 5 shows in block form a space diversity 

receiver according to a second embodiment of 

the present invention; 

Fig. 6 shows details of each adaptive channel 
estimator of Fig. 5; 

Fig. 7 shows details of the branch metric quality 
estimator of Fig. 5; 

Fig. 8 shows details of the branch metric evalu- 
ation circuit of Fig. 5; 

Fig. 9 shows in block form a modification of the 
second embodiment of the present invention; 
and 

Fig. 10 shows details of the branch metric qual- 
ity estimator of Fig. 9. 

DETAILED DESCRIPTION 

Referring now to Fig. 1, there is shown a 
diversity receiver according to the present inven- 
tion. The receiver has a plurality of diversity anten- 
nas 1i~l n which are respectively coupled to 
matched filters 2i ~2 n .Diversity antennas 1 1 — 1 „ are 
further coupled to channel estimators 3i~3 n , re- 
spectively, for generating estimates of the impulse 
responses of the corresponding channels from the 
point of transmission to the diversity antennas. 



Channel estimators 3i~3 n are associated respec- 
tively with matched filters 2i~2 n . The outputs of 
channel estimators 3i~3 n are respectively coupled 
to control inputs of the associated matched filters 

5 2i~2 n to adaptively control their internal states, or 
tap weight coefficients. The outputs of channel 
estimators 3i~3 n are further applied to a branch 
metric calculator 4 to which the outputs of matched 
filters 2i~2 n are also applied. Branch metric Cai- 
ro culator 4 derives a branch metric from the impulse 
response estimates and the outputs of the matched 
filters. A soft-decision Viterbi decoder 5, or maxi- 
mum likelihood sequence estimator, of known de- 
sign is coupled to the output of branch metric 

75 calculator 4. As is well known, the Viterbi decoder 
5 comprises an add, compare and select (ACS) 
circuit and a path memory which is controlled by 
the output of ACS circuit to store branch metrics 
and detect a most likely symbol sequence for 

20 coupling to an output terminal 6 by tracing back 
through the stored metrics. 

As illustrated in Fig. 2, each channel estimator 

3 k (where k = 1, 2 n) is essentially of a 

transversal filter configuration comprising a tapped 

25 delay line with delay elements 71-7^ being con- 
nected in series to the associated diversity antenna 
1 k . Successive taps of the delay line are connected 
respectively to multipliers 81 ~8 m whose tap weights 
are controlled by corresponding tap weight coeffl- 

30 cients stored in a register 9. In a practical aspect, 
the stored tap weight coefficients are in the form of 
a sequence of alternating symbols which may ap- 
pear at periodic intervals, such as carrier recovery 
sequence in the preamble of a burst signal. The 

35 symbols received by antenna 1k are successively 
delayed and multiplied by the stored tap weight 
coefficients and summed by an adder 10 to pro- 
duce a signal representative of the degree of 
cross-correlation between the arriving symbol se- 

40 quence and the stored sequence. This signal is 
supplied from the adder 10 of each channel es- 
timator 3k to the corresponding matched filter 2 k as 
a channel impulse response estimate. 

The matched filter is a well known device ca- 

45 pable of maximizing signal to noise ratio (S. Stein 
and J. J. Jones, "Modern Communication Princi- 
ples With Application to Digital Signaling", 
McGraw-Hill, Inc.). Each matched filter is also a 
transversal-filter-like configuration with a tapped de- 

50 lay line, a plurality of tap weight multipliers coupled 
respectively to the taps of the delay line, and an 
adder for integrating the outputs of the multipliers 
over a symbol interval to produce a matched filter 
output. The tap weight coefficients of each 

55 matched filter 2 k are controlled in accordance with 
the impulse response estimate of the correspond- 
ing communications channel which is supplied from 
the associated channel estimator 3 k . Details of such 
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matched filters are shown and described in the 
aforesaid Co-pending U. S. application. 

As shown in Fig. 3, the branch metric calcula- 
tor 4 comprises a plurality of adders 11i~11 n cor- 
responding respectively to matched filters 2i~2 n , a 
like number of branch metric coefficient calculators 
12i~12 n ,and an adder 13 whose output is coupled 
to the input of the Viterbi decoder 5. One input of 
each adder 11 k is coupled to the output of cor- 
responding matched filter 2 k and another input of 
the adder is coupled to the output of corresponding 
branch metric coefficient calculator 12 k . In this way, 
the output of each matched filter is summed with a 
corresponding branch metric coefficient by each 
adder 11 and further summed with the other out- 
puts of adders 11 by adder 13 to produce a branch 
metric. The output of branch metric calculator 4 is 
coupled to Viterbi decoder 5 in which the maxi- 
mum likelihood sequence estimation is made on 
the metrics to detect a most likely symbol se- 
quence. 

In operation, a digitally modulated, sequentially 
coded symbol sequence is transmitted from a dis- 
tant station and propagates over distinct fading 
channels. On reception, replicas of the original se- 
quence are detected by diversity antennas 1 1 — 1 „ 
and filtered by corresponding matched filters 
2i~2 n . The matched filters maximize the signal to 
noise ratios of the symbol sequences on the re- 
spective fading channels. Since the branch metric 
is a sum of the matched filter outputs and the 
branch metric coefficients uniquely determined by 
the impulse responses of the corresponding chan- 
nels, the effect of white Gaussian noise on the 
branch metric can be reduced to a minimum. 

A modified form of the branch metric calculator 
is shown in Fig. 4. The modified branch metric 
calculator comprises an adder 14, a branch metric 
coefficient calculator 15 and a vector adder 16. The 
impulse response estimates from channel estima- 
tors 3i~3 n are applied to vector adder 16 as vec- 
tors 7T(k). and summed to produce a resultant 
vector H.as an estimate of an overall impulse re- 
sponses of the channels. The output of vector 
adder 16 is applied to branch metric coefficient 
calculator 15 to compute a branch metric coeffi- 
cient The branch metric coefficient is applied to 
adder 14 in which it is summed with the outputs 
matched filters 2i~2 n to produce a branch metric 
for coupling to the viterbi decoder 5. The modified 
branch metric calculator reduces multiplicative iter- 
ations required for deriving the metric coefficient 
by a factor 1/n as compared with the embodiment 
of Fig. 3. 

A second embodiment of the diversity receiver 
of this invention is shown in Fig. 5, which is par- 
ticularly useful for systems in which the intersym- 
bol interference is time-variant This embodiment 



comprises a plurality of adaptive channel estima- 
tors 21i~21 n which are coupled respectively to 
diversity antennas 20i~20 n . Branch metric calcula- 
tors 22i~22 n of known design are also coupled 
5 respectively to diversity antennas 20i~20 n and to 
adaptive channel estimators 21i~21 n . As will be 
described hereinbelow, each adaptive channel es- 
timator 21 k derives tap weight coefficients and sup- 
plies them as a vector TT(i + 1) of the impulse 

w response estimate of the channel k at the instant of 
time (i + 1) to the associated branch metric calcula- 
tor 22 k in which the vector is combined with a 
received symbol sequence to produce a branch 
metric. The output of each branch metric calculator 

75 22 is coupled to a branch metric evaluation circuit 
24. Each channel estimator 21 k further generates 
an error signal e k (i) which is applied to a branch 
metric quality estimator 23. Branch metric quality 
* estimator 23 provides quality estimates of the 

20 branch metrics from branch metric calculators 22 
and supplies its output signals to branch metric 
evaluation circuit 24 in which they are combined 
with the error signals to produce a final version of 
the branch metrics. The output of branch metric 

25 evaluation circuit 24 is applied to a soft-decision 
Viterbi decoder 25. The output of the Viterbi de- 
coder 25 is supplied to an output terminal 26 on 
the one hand, and to adaptive channel estimators 
21 1 -21 n on the other, as a feedback signal. 

30 As shown in detail in Fig. 6, each adaptive 
channel estimator 21 k comprises a tapped delay 
line formed by a series of delay elements 30i 
through 30 m .i. To this tapped delay line is con- 
nected the output of the Viterbi decoder 25 to 

35 produce successively delayed versions of each de- 
coded ✓ symbol across the delay line. Tap weight 
multipliers 31i~31 m .i are coupled respectively to 
successive taps of the delay line to multiply the 
delayed signals by respective tap weight coeffi- 

40 cients. An adder 32 produces a sum of the weight- 
ed signals for comparison with a signal supplied 
from a delay circuit 33. The output of the delay 
circuit 33 is the signal from the associated diversity 
antenna 20 k which is delayed by an amount cor- 

45 responding to the time elapsed for each signal 
element from the time it enters the receiver to the 
time it leaves the Viterbi decoder 25. A difference 
between the outputs of adder 32 and delay circuit 
33 is taken by a subtracter 34 to produce the error 

so signal e k , which is supplied to the branch metric 
quality estimator 23 as well as to a processor 35 to 
which the successive taps of the delay line are also 
connected. 

Processor 35 has circuitry that initializes or 
55 conditions its internal state to produce an initial 
vector h uO) of channel impulse response estimates 
at time / and computes a vector "rT*(/ + 1) of 
channel impulse response estimates at time / + 1 
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using the following formula: 

where, A indicates the step size corresponding to 
the rate of variation of the intersymbol interference 
and T/[(i).denotes the vector of complex conjugates 
of detected information symbols. As the process 
continues in a feedback fashion, the vector ~fi k (i) is 
successively updated with the error component e*. 
The vector TT fc (/ + 1) of channel impulse response 
estimates is supplied to the associated branch met- 
ric calculator 22 k as well as to multipliers 31i~31 m 
as tap weight coefficients. 

As shown in Fig. 7, the error signals from 
adaptive channel estimators 21i~2t n are supplied 
to squaring circuits 36i-36 n of branch metric qual- 
ity estimator 23 to produce signals representative 
of the power of the error components. A like num- 
ber of comparators 37i~37 n are respectively coup- 
led to the outputs of squaring circuits 36i~36 n to 
determine if each of the detected power levels is 
higher or lower than a prescribed threshold value. If 
the input power is lower than the threshold value, 
each comparator generates a normal signal indicat- 
ing that the quality of the received symbol is sat- 
isfactory. Conversely, if the power level is higher 
than the threshold, the comparator produces an 
alarm signal indicating that the received signal has 
corrupted. The outputs of comparators 37i~37 n are 
applied to branch metric evaluation circuit 24 on 
the one hand and to a controller 38 on the other. In 
response to each alarm signal, controller 38 sup- 
plies a control signal to that comparator which 
produced the alarm signal to cause it to maintain 
the alarm signal. This hysteresis operation elimi- 
nates the objectionable effect which would other- 
wise be produced by the channel estimators 21 
when impulse response estimation goes out of 
order because of their diverging characteristics. 

As shown in detail in Fig. 8, the outputs of 
branch metric quality estimator 23 are applied to 
binary converters 39i~39 n , respectively, of branch 
metric evaluation circuit 24. On the other hand, the 
outputs of branch metric calculators 22t-22 n are 
coupled to multipliers 41 i~41 n , respectively. Binary 
converters 39i~39 n convert the normal indicating 
signal to a unity value and the alarm signal to zero 
and supply their output to an adder 40 in which 
they are summed together to produce a signal 
indicating a total number of normal signals. The 
outputs of converters 39i~39 n are further supplied 
to multipliers 41i~41 n , respectively, so that the 
quality signal obtained from diversity antenna 20 k 
is multiplied with the corresponding branch metric 
obtained from that diversity antenna. The outputs 



of multipliers 41 t —41 n are summed by a second 
adder 42 to give a total value of quality-weighted 
branch metrics. The outputs of adders 40 and 42 
are then supplied to an arithmetic division circuit 

5 43 in which the total of the quality-weighted branch 
metrics is divided by the total number of normal 
signals to produce an output which is representa- 
tive of the weighted mean value of the individual 
branch metrics, the output signal being coupled 

w through an output terminal 44 as a final branch 
metric to the Viterbi decoder 25. 

A modified form of the embodiment of Fig. 5 is 
shown in Fig. 9 in a branch metric quality estimator 
23A is used instead of branch metric quality es- 

15 timator 23. Branch metric quality estimator 23 A 
receives impulse response estimates ru(/ + 1) (or 
tap weight coefficients) from adaptive channel es- 
timators 21 1 -21 n , rather than their error signals B k . 
As shown in detail in Fig. 10, the impulse response 

20 estimates from adaptive channel estimators 
21i~21 n are supplied through delay circuits 
50i-50 n to first input ports of variation detector 
51 1 -51 n , respectively, on the one hand, and further 
supplied direct to second input ports of the cor- 

25 responding variation detectors. Delay circuits 
50i~50 n introduce a unit delay time to their input 
signals. Each of the variation detectors 51i~51 n 
calculates a differential vector AlT* between suc- 
cessive vectors of impulse response estimates 7\ k (i 

30 - 1) and "R^/). Each variation detector proceeds to 
calculate the absolute values of the components of 
the impulse response differential vector and detect 
a maximum value of the absolute values as an 
output signal of the variation detector. In this way, 

35 the output of each variation detector 51 represents 
the maximum level of variations that occurred dur- 
ing each unit time, or unit symbol time. Under 
normal circumstances, the speed of variation of 
channel impulse response at each diversity an- 

40 tenna is significantly smaller than the baud rate. 
Therefore, it can be considered that the validity of 
channel impulse response estimate is lost if the 
output of each variation detector is greater than the 
difference between adjacent signal points of digital 

45 modulation. The outputs of variation detectors 
51 1—51 n are supplied to comparators 52i-52 n , re- 
spectively, for making comparisons with a predefin- 
ed threshold value representing the minimum value 
of difference between adjacent signal points of 

so digital modulation. In a manner similar to the com- 
parators of Fig. 7, the outputs of comparators 
52i-52 n (either normal or alarm) are coupled to 
branch metric evaluation circuit 24 of Fig. 9 and 
further to a controller 53 which causes the com- 

55 parators to maintain their alarm signals. 

If the signal to noise ratio of a given channel 
has degraded in comparison with other channels to 
such an extent that a significant error has occurred 
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in impulse response estimation, such a condition is 
detected by branch metric quality estimator 23 and 
its adverse effect on other signals is suppressed. 

The foregoing description shows only preferred 
embodiments of the present invention. Various 
modifications are apparent to those skilled in the 
art without departing from the scope of the present 
invention which is only limited by the appended 
claims. Therefore, the embodiments shown and 
described are only illustrative, not restrictive. 

Claims 

1. A diversity receiver having a plurality of diver- 
sity antennas for simultaneously receiving se- 
quentially coded symbol sequences over dis- 
tinct communications channels from a point of 
transmission to said antennas, comprising: 

a plurality of channel estimators respec- 
tively coupled to said diversity antennas for 
deriving estimates of impulse responses of 
said communication channels respectively 
from said received sequences; 

a plurality of matched filters associated 
respectively with said channel estimators and 
said diversity antennas, each of said matched 
filters having a tapped delay line coupled to 
. the associated antenna and a plurality of mul- 
tipliers coupled respectively to successive taps 
of said tapped delay line for controlling tap 
weight coefficients of said multipliers in re- 
sponse to an output signal from the associated 
channel estimator and integrating weighted sig- 
nals generated by said multipliers to produce a 
matched filter output; 

a branch metric calculator for receiving the 
outputs of said matched filters and said es- 
timates from said channel estimators for cal- 
culating a branch metric of the signals re- 
ceived by the antennas; and 

a maximum likelihood sequence estimator 
coupled to said branch metric calculator. 

2. A diversity receiver as claimed in claim 1, 
wherein said branch metric calculating circuit 
comprises: 

a plurality of branch metric coefficient cal- 
culators for receiving output signals from said 
channel estimators for calculating branch met- 
ric coefficients; and 

a plurality of first adders for summing out- 
put signals from said branch metric coefficient 
calculators with output signals from said 
matched filters; and 

a second adder for adding the outputs of 
said first adders to produce a branch metric. 

3. A diversity receiver as claimed in claim 1, 



wherein said branch metric calculator com- 
prises: 

a vector adder for providing vector sum- 
mation of impulse response vectors from said 
s channel estimators to produce an output im- 

pulse response vector; 

a branch metric coefficient calculator for 
deriving a branch metric coefficient from said 
output impulse response vector; and 
w an adder for summing output signals from 

said matched filters and said branch metric 
coefficient to produce a branch metric. 

4. An adaptive diversity receiver having a plurality 
75 of diversity antennas for simultaneously receiv- 
ing signals over distinct communications chan- 
nels from a point of transmission to said anten- 
nas, comprising: 

a plurality of adaptive channel estimators 

20 respectively coupled to said diversity antennas 
for deriving estimates of impulse responses of 
said communication channels respectively 
from said received sequences and a previously 
received signal; 

25 a plurality of branch metric calculators 

coupled respectively to said diversity antennas 
for deriving first branch metrics respectively 
from said received sequences; 

a branch metric quality estimator coupled 

30 to said adaptive channel estimators for deriving 
from output signals of said channel estimators 
a plurality of branch metric quality estimates of 
said communications channels, respectively; 
a branch metric evaluation circuit coupled 

35 to said branch metric calculators and said 
branch metric quality estimator for evaluating 
said first branch metrics in accordance with 
said branch metric quality estimates and pro- 
ducing a second branch metric; and 

40 a maximum likelihood sequence estimator 

for deriving a maximum likelihood estimate of 
said received sequences from said second 
metric branch and applying said maximum 
likelihood estimate to said adaptive channel 

45 estimators as said previously received signal. 

5. An adaptive diversity receiver as claimed in 
claim 4, wherein said second branch metric 
produced by said evaluation circuit is repre- 

50 sentative of a weighted mean value of said 
branch metrics, weighted with said branch 
metric quality estimates. 

6. An adaptive diversity receiver as claimed in 
55 claim 4 or 5, wherein each of said adaptive 

channel estimators includes means for gen- 
erating an error signal representative of a dif- 
ference between an output signal from said 
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maximum likelihood estimator and a corre- 
sponding one of said received sequences at 
said diversity antennas and supplying said er- 
ror signal as one of said output signals sup- 
plied from said adaptive channel estimators to 
said branch metric quality estimator. 

7. An adaptive diversity receiver as claimed in 
any of claims 4 to 6, wherein said branch 
metric quality estimator comprises: 

a plurality of power detector circuits for 
deriving signals representative of the power 
levels of said received sequences from the 
error signals from said adaptive channel es- 
timators; and 

a plurality of comparator means coupled 
respectively to said power detector means for 
comparing said power representative signals 
with a threshold value and generating a plural- 
ity of signals each indicating whether the re- 
spective power representative signal is higher 
or lower than said threshold value, 

8. An adaptive diversity receiver as claimed in 
any of claims 4 to 7, wherein each of said 
adaptive channel estimators comprises: 

a tapped delay having for receiving said 
output signal from said maximum likelihood 
sequence estimator; 

a plurality of multipliers respectively coup- 
led to successive taps of said delay line; 

an adder for integrating output signals of 
said multipliers to produce an adder output; 

means for introducing a delay time to a 
corresponding one of said received sequences 
by an amount corresponding to the amount of 
processing time from a corresponding one of 
said diversity antennas and the output of said 
maximum likelihood estimator; 

error detector means for detecting a dif- 
ference between said adder output and the 
output signal of said said maximum likelihood 
estimator to generate said error signal; and 

processor means for deriving tap weight 
coefficients from signals at said successive 
taps and said error signal and supplying said 
coefficients to said multipliers, respectively, 
and to a respective one of said branch metric 
calculators as said impulse response esti- 
mates. 

9. An adaptive diversity receiver as claimed in 
any of claims 4 to 7, wherein each of said 
adaptive channel estimators comprises: 

a tapped delay having for receiving said 
output signal from said maximum likelihood 
sequence estimator; 

a plurality of multipliers respectively coup- 
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led to successive taps of said delay line; 

an adder for integrating output signals of 
said multipliers to produce an adder output; 

means for introducing a delay time to a 
5 corresponding one of said received sequences 

by an amount corresponding to the time taken 
for each of said signals received at said diver- 
sity antennas to appear at the output of said 
maximum likelihood estimator; 
10 error detector means for detecting a dif- 

ference between said adder output and the 
output signal of said said maximum likelihood 
estimator to generate an error signal; and 

processor means for deriving tap weight 
75 coefficients from signals at said successive 

taps and said error signal and supplying said 
coefficients to said multipliers, respectively, 
and to a respective one of said branch metric 
calculators as said impulse response esti- 
20 mates. 

10. An adaptive diversity receiver as claimed in 
any of claims 4 to 9, wherein said branch 
metric quality calculator comprises: 

25 a plurality of variation detector means 

coupled respectively to said adaptive channel 
estimators for detecting time-varying compo- 
nents from the channel estimates; and 

a plurality of comparator means coupled 

30 respectively to said variation detector means 
for comparing said time-varying components 
with a threshold value and generating a plural- 
ity of signals each indicating whether the re- 
spective time-varying components is higher or 

35 lower than said threshold value. 

11. An adaptive diversity receiver as claimed in 
any of claims 4 to 10 wherein said evaluation 
circuit comprises: 

40 a first adder for deriving a first value repre- 

sentative of a sum of output signals from said 
comparators; 

a plurality of weighting means for respec- 
tively weighting said branch metrics with the 
45 output signals from said comparators; 

a second adder for summing the weighted 
branch metrics to produce a second value; and 
a division circuit for arithmetically dividing 
said second value with said first value to pro- 
so duce said second branch metric. 

12. An adaptive diversity receiver as claimed in 
any of claims 4 to 11, wherein each of said 
comparator means has a hysteresis character- 

55 istic for maintaining the output signal thereof 

when said threshold value is exceeded. 
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Description 

The present invention relates to diversity reception 
of signals propagating over distinct fading channels. 

WO-A- 9016118 describes a space-diversity digital 
radio mobile receiver and a relevant process for the 
equalization, or else the correction of distortions, re- 
spectively in phase and/or amplitude, of time-division 
digital signals in a radio mobile system, in which the ra- 
dio signals are received by two antennas at least. 

It is known to combine a diversity system with an 
equalization system for purposes of improving the per- 
formance of a receiver. One such technique is the deci- 
sion feedback equalization in which matched filters or 
forward equalizers are provided respectively at diversity 
antennas and their outputs are combined and fed into a 
decision-feedback equalizer (as described in K. Watan- 
abe, "Adaptive Matched Filter And Its Significance To 
Anti-Multipath Fading 0 , IEEE publication (CH2314- 
3/86/0000-1 455)1 986, pages 1 455 to 1459, and P. Mon- 
sen, "Adaptive Equalization of The Slow Fading Chan- 
nel", IEEE, Transactions of Communications, Vol. COM- 
22, No. 8, August 1974). 

Another technique is the maximum likelihood se- 
quence estimation in which the quality (spread of inter- 
symbol interference and signal to noise ratio) of a re- 
ceived signal at each diversity antenna is estimated and 
a signal having the largest value is selected on the basis 
of the quality estimates (as described in Okanoue, Fu- 
ruya, "A New Post- Detect ion Selection Diversity With 
MLSE Equalization", B-502, Institutes of Electronics In- 
formation and Communications, Autumn National Meet- 
ing, 1989). To implement the maximum likelihood se- 
quence estimation, the Viterbi algorithm is well known. 
By summing constants uniquely determined by matched 
filters and communication channels (as defined by the 
second and third right terms of Equation 8b, page 18, J. 
F. Hayes, "The Viterbi Algorithm Applied to Digital Data 
Transmission", IEEE Communication Society, 1975, No. 
13, pages 15-20), a branch metric of received symbol 
sequences is determined and fed into a soft -decision Vi- 
terbi decoder. 

However, prior art systems are still not satisfactory 
if the branch metric is severely affected by channel noise 
and intersymbol interference. In addition, if variabilities 
exist in signal to noise ratio between signals received 
by different diversity antennas during a deep fade, all 
such signals will be treated alike and an error is likely to 
result in maximum likelihood sequence estimation. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a space diversity receiver for a communications 
system in which the quality of reception is significantly 
affected by channel noise and intersymbol interference. 

According to a first aspect of the present invention, 
there is provided a diversity receiver having a plurality 



of diversity antennas for simultaneously receiving se- 
quentially coded symbol sequences propagating over 
distinct communications channels from a point of trans- 
mission to the antennas. The receiver comprises a plu- 
5 rality of channel estimators respectively coupled to the 
antennas for deriving respective estimates of impulse 
responses of the communication channels from the re- 
ceived sequences. A plurality of matched filters are as- 
sociated respectively with the channel estimators and 
the diversity antennas. The internal state of each of the 
matched filters being variable in response to an output 
signal of the associated channel estimator. A branch 
metric calculator is provided for receiving the outputs of 
the matched filters and the estimates from the channel 
estimators for calculating a branch metric of the signals 
received by the antennas for coupling to a maximum 
likelihood sequence estimator. 

Specifically, in one embodiment, the branch metric 
calculator comprises a plurality of branch metric coeffi- 
cient calculators which respectively receive output sig- 
nals from the channel estimators to calculate branch 
metric coefficients. A plurality of first adders provide 
summation of output signals from the branch metric co- 
efficient calculators with output signals from the 
matched filters, and a second adder provides summa- 
tion of the outputs of the first adders to produce a branch 
metric. In a modified embodiment, the the branch metric 
calculator comprises a vector adder for providing vector 
summation of impulse response vectors from the chan- 
nel estimators to produce an output impulse response 
vector. A branch metric coefficient calculator is provided 
for deriving a branch metric coefficient from the output 
impulse response vector. The output signals from the 
matched filters are summed with the branch metric co- 
effident to produce a branch metric. 

# According to a second aspect of the present inven- 
tion, a plurality of adaptive channel estimators are re- 
spectively coupled to the diversity antennas for deriving 
estimates of impulse responses of the communication 
channels respectively from the received sequences and 
a previously received signal. A plurality of branch metric 
calculators are also coupled respectively to the diversity 
antennas for deriving first branch metrics respectively 
from the received sequences. A branch metric quality 
estimator is coupled to the adaptive channel estimators 
for deriving from output signals of the channel estima- 
tors a plurality of branch metric quality estimates of the 
communications channels, respectively A branch met- 
ric evaluation circuit is coupled to the branch metric cal- 
culators and the branch metric quality estimator for eval- 
uating the first branch metrics in accordance with the 
branch metric quality estimates and producing a second 
branch metric. A maximum likelihood sequence estima- 
tor derives a maximum likelihood estimate of the re- 
ceived sequences from the second metric branch and 
applies it to the adaptive channel estimators as the pre- 
vious signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further 
detail with reference to the accompanying drawings, in 
which: 

Fig. 1 shows in block form a space diversity receiver 
according to a first embodiment of the present in- 
vention; 

Fig. 2 shows details of each channel estimator of 
Fig. 1; 

Fig. 3 shows in block form one embodiment of the 

branch metric calculator of Fig. 1 ; 

Fig. 4 shows in block form another embodiment of 

the branch metric calculator of Fig. 1 ; 

Fig. 5 shows in block form a space diversity receiver 

according to a second embodiment of the present 

invention; 

Fig. 6 shows details of each adaptive channel esti- 
mator of Fig. 5; 

Fig. 7 shows details of the branch metric quality es- 
timator of Fig. 5; 

Fig. 8 shows details of the branch metric evaluation 
circuit of Fig. 5; 

Fig. 9 shows in block form a modification of the sec- 
ond embodiment of the present invention; and 
Fig. 10 shows details of the branch metric quality 
estimator of Fig. 9. 

DETAILED DESCRIPTION 

Referring now to Fig. 1 , there is shown a diversity 
receiver according to the present invention. The receiv- 
er has a plurality of diversity antennas 1-|~1 n which are 
respectively coupled to matched filters 2-,~- 2 n . Diversity 
antennas 1 1 ~ 1 n are further coupled to channel estima- 
tors 3^ 3 n , respectively, for generating estimates of the 
impulse responses of the corresponding channels from 
the point of transmission to the diversity antennas. 
Channel estimators 3^3,, are associated respectively 
with matched filters 2 1 ~2 n . The outputs of channel es- 
timators 3 1 ^3 n are respectively coupled to control in- 
puts of the associated matched filters 2j~ 2 n to adap- 
tively control their internal states, or tap weight coeffi- 
cients. The outputs of channel estimators 3j~3 n are fur- 
ther applied to a branch metric calculator 4 to which the 
outputs of matched filters 2 A ~2 n are also applied. 
Branch metric calculator 4 derives a branch metric from 
the impulse response estimates and the outputs of the 
matched filters. A soft-decision Viterbi decoder 5, or 
maximum likelihood sequence estimator, of known de- 
sign is coupled to the output of branch metric calculator 
4. As is well known, the Viterbi decoder 5 comprises an 
add, compare and select (ACS) circuit and a path mem- 
ory which is controlled by the output of ACS circuit to 
store branch metrics and detect a most likely symbol se- 
quence for coupling to an output terminal 6 by tracing 
back through the stored metrics. 



As illustrated in Fig. 2, each channel estimator \ 
(where k = 1 , 2, .... n) is essentially of a transversal filter 
configuration comprising a tapped delay line with delay 
elements 7 1 ~7 m . 1 being connected in series to the as- 

5 sociated diversity antenna 1 k . Successive taps of the 
delay line are connected respectively to multipliers 
8 m whose tap weights are controlled by correspond- 
ing tap weight coefficients stored in a register 9. In a 
practical aspect, the stored tap weight coefficients are 

10 jn the form of a sequence of alternating symbols which 
may appear at periodic intervals, such as carrier recov- 
ery sequence in the preamble of a burst signal. The sym- 
bols received by antenna 1 k are successively delayed 
and multiplied by the stored tap weight coefficients and 

15 summed by an adder 10 to produce a signal represent- 
ative of the degree of cross -correlation between the ar- 
riving symbol sequence and the stored sequence. This 
signal is supplied from the adder 1 0 of each channel es- 
timator 3 k to the corresponding matched filter 2 k as a 

20 channel impulse response estimate. 

The matched filter is a well known device capable 
of maximizing signal to noise ratio (S. Stein and J. J. 
Jones, "Modem Communication Principles With Appli- 
cation to Digital Signaling", McGraw-Hill, Inc.). Each 

25 matched filter is also a transversal-filter- 1 ike configura- 
tion with a tapped delay line, a plurality of tap weight 
multipliers coupled respectively to the taps of the delay 
line, and an adder for integrating the outputs of the mul- 
tipliers over a symbol interval to produce a matched filter 

30 output The tap weight coefficients of each matched filter 
2 k are controlled in accordance with the impulse re- 
sponse estimate of the corresponding communications 
channel which is supplied from the associated channel 
estimator 3 k . Details of such matched filters are shown 

35 and described in the aforesaid Co-pending U. S. appli- 
cation. 

As shown in Fig. 3, the branch metric calculator 4 
comprises a plurality of adders 11 1 — 11 n corresponding 
respectively to matched filters 2 1 ~2 n , a like number of 

40 branch metric coefficient calculators 12^12,,, and an 
adder 1 3 whose output is coupled to the input of the Vi- 
terbi decoder 5. One Input of each adder 11 k is coupled 
to the output of corresponding matched filter 2 k and an- 
other input of the adder is coupled to the output of cor- 

45 responding branch metric coefficient calculator 12 k . In 
this way, the output of each matched filter is summed 
with a corresponding branch metric coefficient by each 
adder 11 and further summed with the other outputs of 
adders 11 by adder 13 to produce a branch metric. The 

50 output of branch metric calculator 4 is coupled to Viterbi 
decoder 5 in which the maximum likelihood sequence 
estimation is made on the metrics to detect a most likely 
symbol sequence. 

In operation, a digitally modulated, sequentially 

55 coded symbol sequence is transmitted from a distant 
station and propagates over distinct fading channels. 
On reception, replicas of the original sequence are de- 
tected by diversity antennas 1-|~1 n and filtered by cor- 
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responding matched filters 2^2 n . The matched filters 
maximize the signal to noise ratios of the symbol se- 
quences on the respective fading channels. Since the 
branch metric is a sum of the matched filter outputs and 
the branch metric coefficients uniquely determined by 
the impulse responses of the corresponding channels, 
the effect of white Gaussian noise on the branch metric 
can be reduced to a minimum. 

A modified form of the branch metric calculator is 
shown in Fig. 4. The modified branch metric calculator 
comprises an adder 14, a branch metric coefficient cal- 
culator 1 5 and a vector adder 1 6. The impulse response 
estimates from channel estimators ^ -~3 n are applied to 
vector adder 16 as vectors fi(k) and summed to produce 
a resultant vector FT as an estimate of an overall impulse 
responses of the channels. The output of vector adder. 
16 is applied to branch metric coefficient calculator 15 
to compute a branch metric coefficient. The branch met- 
ric coefficient is applied to adder 14 in which it is 
summed with the outputs of the matched filters 2^2 n 
to produce a branch metric for coupling to the Viterbi 
decoder 5. The modified branch metric calculator reduc- 
es multiplicative iterations required for deriving the met- 
ric coefficient by a factor 1/n as compared with the em- 
bodiment of Fig. 3. 

A second embodiment of the diversity receiver of 
this Invention is shown in Fig. 5, which is particularly 
useful for systems in which the intersymbol interference 
is time-variant. This embodiment comprises a plurality 
of adaptive channel estimators 21 ^21 n which are cou- 
pled respectively to diversity antennas 20-,~20 n . 
Branch metric calculators ,22 1 -22 n of known design are 
also coupled respectively to diversity antennas 
20 1 —20 n and to adaptive channel estimators 21 1 -~21 n . 
As will be described hereinbelow, each adaptive chan- 
nel estimator 21 k derives tap weight coefficients and 
supplies them as a vector fi k (i+1) of the impulse re- 
sponse estimate of the channel k at the instant of time 
(i+1 ) to the associated branch metric calculator 22 k in 
which the vector is combined with a received symbol se- 
quence to produce a branch metric. The output of each 
branch metric calculator 22 is coupled to a branch metric 
evaluation circuit 24. Each channel estimator 21 k further 
generates an error signal erfi) which is applied to a 
branch metric quality estimator 23. Branch metric quality 
estimator 23 provides quality estimates of the branch 
metrics from branch metric calculators 22 and supplies 
its output signals to branch metric evaluation circuit 24 
in which they are combined with the error signals to pro- 
duce a final version of the branch metrics. The output of 
branch metric evaluation circuit 24 is applied to a soft- 
decision Viterbi decoder 25. The output of the Viterbi 
decoder 25 is supplied to an output terminal 26 on the 
one hand, and to adaptive channel estimators 21-,— 21 n 
on the other, as a feedback signal. 

As shown in detail in Fig. 6, each adaptive channel 
estimator 21 k comprises a tapped delay line formed by 
a series of delay elements 30! through 30^ . To this 



tapped delay line is connected the output of the Viterbi 
decoder 25 to produce successively delayed versions 
of each decoded symbol across the delay line. Tap 
weight multipliers 31^ 31^ are coupled respectively 

5 to successive taps of the delay line to multiply the de- 
layed signals by respective tap weight coefficients. An 
adder 32 produces a sum of the weighted signals for 
comparison with a signal supplied from a delay circuit 
33. The output of the delay circuit 33 is the signal from 

10 the associated diversity antenna 20 k which is delayed 
by an amount corresponding to the time elapsed for 
each signal element from the time it enters the receiver 
to the time it leaves the Viterbi decoder 25. A difference 
between the outputs of adder 32 and delay circuit 33 is 

is taken by a subtracter 34 to produce the error signal 
which is supplied to the branch metric quality estimator 
23 as well as to a processor 35 to which the successive 
taps of the delay line are also connected. 

Processor 35 has circuitry that initializes or condi- 

so tions its internal state to produce an initial vector t^t) of 
channel impulse response estimates at time / and com- 
putes a vector Ti^H-l ) of channel impulse response es- 
timates at time M using the following formula: 

\(M) = \(i) + Ae k T k (i) 

where, A indicates the step size corresponding to the rate 
of variation of the intersymbol interference andT r A (/).de- 

30 notes the vector of complex conjugates of detected infor- 
mation symbols. As the process continues in a feedback 
fashion, the vector "h^i) is successively updated with the 
error component The vector 7i k (/+1 ) of channel im- 
pulse response estimates is supplied to the associated 

35 branch metric calculator 22 k as well as to multipliers 
31 ! ~31 m as tap weight coefficients. 

As shown in Fig. 7, the error signals from adaptive 
channel estimators 21 1 ~-21 n are supplied to squaring 
circuits 36., ~36 n of branch metric quality estimator 23 

40 to produce signals representative of the power of the 
error components. A like number of comparators 
37 1 r-37 n are respectively coupled to the outputs of 
squaring circuits 36^36,, to determine if each of the 
detected power levels is higher or lower than a pre- 

45 scribed threshold value. If the input power is lower than 
the threshold value, each comparator generates a nor- 
mal signal indicating that the quality of.the received sym- 
bol is satisfactory. Conversely, if the power level is high- 
er than the threshold, the comparator produces an alarm 

so signal indicating that the received signal has corrupted. 
The outputs of comparators 37 1 ~37 n are applied to 
branch metric evaluation circuit 24 on the one hand and 
to a controller 38 on the other. In response to each alarm 
signal, controller 38 supplies a control signal to that 

ss comparator which produced the alarm signal to cause it 
to maintain the alarm signal. This hysteresis operation 
eliminates the objectionable effect which would other- 
wise be produced by the channel estimators 21 when 
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impulse response estimation goes out of order because 
of their diverging characteristics. 

As shown in detail in Fig. 8, the outputs of branch 
metric quality estimator 23 are applied to binary convert- 
ers 39 1 ~39 n , respectively, of branch metric evaluation 
circuit 24. On the other hand, the outputs of branch met- 
ric calculators 22 1 ~22 n are coupled to multipliers 
41 ^ 41 n , respectively Binary converters 39-,~39 n con- 
vert the normal indicating signal to a unity value and the 
alarm signal to zero and supply their outputs to an adder 
40 in which they are summed together to produce a sig- 
nal indicating a total number of normal signals. The out- 
puts of converters 39-,~39 n are further supplied to mul- 
tipliers 41 1 —41 n , respectively, so that the quality signal 
obtained from diversity antenna 20 k is multiplied with the 
corresponding branch metric obtained from that diver- 
sity antenna. The outputs of multipliers 41 1 — 41 n are 
summed by a second adder 42 to give a total value of 
quality-weighted branch metrics. The outputs of adders 
40 and 42 are then supplied to an arithmetic division cir- 
cuit 43 in which the total of the quality-weighted branch 
metrics is divided by the total number of normal signals 
to produce an output which is representative of the 
weighted mean value of the individual branch metrics, 
the output signal being coupled through an output ter- 
minal 44 as a final branch metric to the Viterbi decoder 
25. 

A modified form of the embodiment of Fig. 5 is 
shown in Fig. 9 in a branch metric quality estimator 23A 
is used instead of branch metric quality estimator 23. 
Branch metric quality estimator 23A receives impulse 
response estimates Ti^n-I ) (or tap weight coefficients) 
from adaptive channel estimators 21 1 ~21 ni rather than 
their error signals e k . As shown in detail in Fig. 10, the 
impulse response estimates from adaptive channel es- 
timators 21 — 21 n are supplied through delay circuits 
50^50,, to first input ports of variation detector 
51 -,~ 51 n , respectively, on the one hand, and further 
supplied direct to second input ports of the correspond- 
ing variation detectors. Delay circuits 50-,~50 n intro- 
duce a unit delay time to their input signals. Each of the 
variation detectors 51 -,—51 n calculates a differential 
vector between successive vectors of impulse re- 
sponse estimates 7j*(/-1 ) and Ti^t). Each variation de- 
tector proceeds to calculate the absolute values of the 
components of the impulse response differential vector 
and detect a maximum value of the absolute values as 
an output signal of the variation detector. In this way, the 
output of each variation detector 51 represents the max- 
imum level of variations that occurred during each unit 
time, or unit symbol time. Under normal circumstances, 
the speed of variation of channel impulse response at 
each diversity antenna is significantly smaller than the 
baud rate. Therefore, it can be considered that the va- 
lidity of channel impulse response estimate is lost if the 
output of each variation detector Is greater than the dif- 
ference between adjacent signal points of digital modu- 
lation. The outputs of variation detectors 51-,~51 n are 



supplied to comparators 52 1 -52 n , respectively, for 
making comparisons with a predefined threshold value 
representing the minimum value of difference between 
adjacent signal points of digital modulation. In a manner 
5 similar to the comparators of Fig. 7, the outputs of com- 
parators 52 1 —52 n (either normal or alarm) are coupled 
to branch metric evaluation circuit 24 of Fig. 9 and fur- 
ther to a controller 53 which causes the comparators to 
maintain their alarm signals. 

If the signal to noise ratio of a given channel has 
degraded in comparison with other channels to such an 
extent that a significant error has occurred in impulse 
response estimation, such a condition is detected by 
branch metric quality estimator 23 and its adverse effect 
on other signals is suppressed. 

The foregoing description shows only preferred em- 
bodiments of the present invention, \farious modifica- 
tions are apparent to those skilled in the art without de- 
parting from the scope of the present invention which is 
only limited by the appended claims. Therefore, the em- 
bodiments shown and described are only illustrative, not 
restrictive. 



Claims 

1 . A diversity receiver having a plurality of diversity an- 
tennas (1-|~1 n ) for simultaneously receiving se- 
quentially coded symbol sequences over distinct 
communications channels from a point of transmis- 
sion to said antennas (1i~1 n ), comprising a plural- 
ity of channel estimators (3-,— 3 n ) respectively cou- 
pled to said diversity antennas (1^1 n ) for deriving 
estimates of impulse responses of said communi- 
cation channels respectively from said received se- 
quences, a plurality of matched filters (2.,~2 n ) con- 
nected respectively to said diversity antennas 
(1 — 1 n ) and associated respectively with said 
channel estimators (3^ 3 n ) t the internal state of 
each of said matched filters (2 1 ~2 n ) being variable 
in response to the output signal of the associated 
channel estimator, a branch metric calculator (4) for 
receiving the outputs of said matched filters (2.,~2 n ) 
and said estimates from said channel estimators 
(3-,~3 n ) for calculating a branch metric of the sig- 
nals received by the antennas, and a maximum like- 
lihood sequence estimator (5) coupled to said 
branch metric calculator (4), characterized in that 
said branch metric calculator (4) comprises: 

a plurality of branch metric coefficient calcula- 
tors (12-|~12 n ) for deriving a plurality of branch 
metric coefficients from the output signals of 
said channel estimators (3 1 ^3 n ), or a single 
branch metric coefficient calculator (15) for de- 
riving a single branch metric coefficient from a 
vector sum of the output signals of said channel 
estimators (3^ 3 n ), which vector sum is pro- 
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duced by a vector adder (16); and 
adder means (11 — 11 n , 13; 14) for summing 
the output signals of said matched fitters 
(2 1 —2 n ) with said plurality of branch metric co- 
efficients, or said single branch metric coeffi- 5 
cient, to produce said branch metric. 

2. The diversity receiver according to claim 1 wherein 
each of said channel estimators (3 r 3 n ) comprises 
a tapped delay line with delay elements (7 l -7 m . 1 ) 10 
being connected in series to the associated diver- 
sity antenna (1 k ), multipliers (8-,-8 m ) connected to 
successive taps of said delay line, a register (9) 
storing tap weight coefficients controlling the tap 
weights of said multipliers, and an adder (10) sum- is 
ming up the output signals of said multipliers. 

3. A method for a diversity receiver comprising a plu- 
rality of diversity antennas (1-|~1 n ) for simultane- 
ously receiving sequentially coded symbol se- 20 
quences over distinct communications channels 
from a point of transmission to said antennas, a plu- 
rality of channel estimators (3-,~3 n ) respectively 
coupled to said diversity antennas (1 1 ~1 n ) for de- 
riving estimates of impulse responses of said com- 25 
munication channels respectively from said re- 
ceived sequences, a plurality of matched filters 
(2^ 2 n ) connected respectively to said diversity an- 
tennas (1-|~1 n ) and associated respectively with 
said channel estimators (3^3^, the tap weight co- 30 
efficients of each of said matched filters (2-, — 2 n ) be- 
ing variable in response to the output signal of the 
associated channel estimator, a branch metric cal- 
culator (4) for receiving the outputs of said matched 
filters (2.,~2 n ) and said estimates from said channel 35 
estimators ^—Sp) for calculating a branch metric 
of the signals received by the antennas, and a max- 
imum likelihood sequence estimator (5) coupled to 
said branch metric calculator (4), characterized in 
that said branch metric is produced by: 40 

deriving a plurality of branch metric coefficients 
from the output signals of said channel estima- 
tors (3.,~3 n ) or summing vectors of the output 
signals of said channel estimators (3 1 ~3 n ) and 45 
deriving a single branch metric coefficient from 
the summed vectors; and 
summing the output signals of said matched fil- 
ters (2 1 -2 n ) with a plurality of said branch met- 
ric coefficients, or said single branch metric co- 50 
efficient. 

4. The method according to claim 3, further compris- 
ing the steps of delaying the received sequentially 
coded symbol sequences by delay elements (7^ 55 
7 m . 1 ), multiplying the delayed sequentially coded 
symbol sequences by tap weight coefficients in mul- 
tipliers (8 1 -8 m ), wherein the tap weight coefficients 2 



are stored in a register (9), summing the output sig- 
nals of said multipliers (8-, -8 m ) by an adder (1 0), and 
supplying the output signal of said adder ( 1 0) to the 
corresponding matched filter (2 k ). 



Patentanspruche 

1. Diversityempfanger mit mehreren schwundmin- 
dernden Antennen (1 , -1 n ) zum gleichzeitigen Emp- 
fangen sequentiell codierter Symbolfolgen, die uber 
verschiedene Ubertragungskanale von einem Sen- 
deort an die Antennen (1r 1 n) ubertragen werden, 
mit: mehreren Kanalbewertungseinrichtungen (3^ 
3 n ), die mit den entsprechenden schwundmindern- 
den Antennen (1 -1 n ) verbunden sind, um Impuls- 
formschatzwerte der Ubertragungskanale aus den 
jeweiligen empfangenen Folgen herzuleiten, meh- 
reren signalangepaGten Filtern (2 r 2 n ), die mit den 
entsprechenden schwundmindernden Antennen 
(1 r 1 n ) verbunden und den Kanalbewertungsein- 
richtungen (3 r 3 n ) zugeordnet sind, wobei der inne- 
re Zustand jedes der signalangepaGten Filter (2 r 
2 n ) in Antwort auf das Ausgangssignal der zugeord- 
neten Kanalbewertungseinrichtung veranderlich 
ist, einer Einrichtung (4) zum Berechnen von Zweig- 
metriken zum Empfangen der Ausgangssignale der 
signalangepaGten Filter (2, -2 n ) und der Schatzwer- 
te von den Kanalbewertungseinrichtungen (3.,-3 n ), 
um eine Zweigmetrik der durch die Antennen emp- 
fangenen Signale zu berechnen, und einer mit der 
Einrichtung (4) zum Berechnen von Zweigmetriken 
verbundenen Einrichtung (5) zum Bestimmen einer 
maximalen Wahrscheinlichkeit einer Folge; 

dadurch gekennzeichnet, daft die Einrich- 
tung (4) zum Berechnen von Zweigmetriken auf- 
weist: 

mehrere Einrichturigen (12 r 12 n ) zum Berech- 
nen von Zweigmetrikkoeffizienten zum Herlei- 
ten mehrerer Zweigmetrikkoeffizienten aus den 
Ausgangssignalen der Kanalbewertungsein- 
richtungen (3 r 3 n ), Oder eine einzige Einrich- 
tung (15) zum Berechnen eines Zweigmetrik- 
koeffizienten zum Herleiten eines einzigen 
Zweigmetrikkoeffizienten aus einer Vektorsum- 
me der Ausgangssignale der Kanalbewer- 
tungseinrichtungen (S^n), wobei die Vektor- 
summe durch ein Vektoraddierglied (16) er- 
zeugt wird; und 

eine Addiereinrichtung (11 -,-11 n , 13; 14) zum 
Addieren der Ausgangssignale der signalange- 
paBten Filter (2 1 -2 n ) mit den mehreren Zweig- 
metrikkoeffizienten oder dem einzelnen Zweig- 
metrikkoeffizienten, um die Zweigmetrik zu er- 
zeugen. 

Diversityempfanger nach Anspruch 1 , wobei jede 
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der Kanalbewertungseinrichtungen (3 r 3 n ) auf- 
weist: eine mit Abgriffen versehene Verzogerungs- 
leitung mit Verzogerungselementen (7^7,^), die 
mit den zugeordneten schwundmindernden Anten- 
nen (1 k ) in Serie verbunden sind, Multiplizierer (8-,- 5 
8 m ), die mit aufeinanderfolgenden Abgriffen der 
Verzogerungsleitung verbunden sind, ein Register 
(9), in dem Abgriffgewichtkoeffizienten zum Steu- 
ern der Abgriffgewichte der Multiplizierer gespei- 
chert sind, und ein Addierglied (10) zum Addieren 10 
der Ausgangssignale der Multiplizierer. 

3. Verfahren fur einen Diversityempfanger mit mehre- 
ren schwundmindernden Antennen (VU zum 
gleichzeitigen Empfangen sequential codierter is 
Symbol folgen, die uber verschiedene Ubertra- 
gungskanale von einem Sendeort an die Antennen 
(1 r 1 n ) Gbertragen werden, mehreren Kanalbewer- 
tungseinrichtungen (3j -3 n ), die mit den entsprechen- 
den schwundmindernden Antennen (V1 n ) verbun- 20 
den sind, urn Impulsformschatzwerte der Ubertra- 
gungskanale aus den jeweiligen empfangenen Fol- 
gen herzulerten, mehreren signalangepaBten Filtern 
(2-,-2 n ), die mit den schwundmindernden Antennen 

(1 t -1 n ) verbunden und den Kanalbewertungseinrich- 25 
tungen (3 r 3 n ) zugeordnet sind, wobei die Abgriffge- . 
wichtkoeffizienten jedes der signalangepaBten Filter 
(2 r 2 n ) sich in Antwort auf das Ausgangssignal der 
zugeordneten Kanalbewertungseinrichtung andert, 
einer Einrichtung (4) zum Berechnen von Zweigme- 30 
triken zum Empfangen der Ausgangssignale der si- 
gnalangepaBten Filter (2 r 2 n ) und der Schatzwerte 
von den Kanalbewertungseinrichtungen (3 1 -3 n ) zum 
Berechnen einer Zweigmetrik der durch die Anten- 
nen empfangenen Signale, und einer mit der Einrich- 35 
tung (4) zum Berechnen von Zweigmetriken verbun- 
denen Einrichtung (5) zum Bestimmen der maxima- 
len Wahrscheinlichkeit einer Folge, dadurch ge- 
kennzeichnet, daft die Zweigmetrik erzeugt wird 
durch: 40 

Herleiten mehrerer Zweigmetrikkoeffizienten 
aus den Ausgangssignalen der Kanalbewer- 
tungseinrichtungen (3 r 3 n ) oder Addieren von 
Vektoren der Ausgangssignale der Kanalbe- 45 
wertungseinrichtungen (3 1 -3 n ) und Herleiten 
eines einzigen Zweigmetrikkoeffizienten aus 
den addierten Vektoren; und 
Addieren der Ausgangssignale der signalange- 
paBten Filter (2 r 2 n ) mit mehreren der Zweig- so 
metrikkoeffizienten oder dem einzigen Zweig- 
metrikkoeffizienten. 

4. Verfahren nach Anspruch 3, ferner mit den Schrit- 
ten: Verzogern der empfangenen, sequentiell co- 55 
dierten Symbol folgen durch Verzogerungselemen- 

te (7y7 m ,^), Multiplizieren der verzogerten, se- 
quentiell codierten Symbolfolgen mit Abgriffgewich- 



ten in Multiplizierern (8 r 8 m ), wobei die Abgriffge- 
wichtkoeffizienten in einem Register (9) gespei- 
chert sind, Addieren der Ausgangssignale der Mul- 
tiplizierer (St -8 m ) durch ein Addierglied (10) und Zu- 
fuhren des Ausgangssignals des Addierglieds (10) 
zum entsprechenden signalangepaBten Filter (2 k ). 



Revendications 

1. Recepteur diversite ayant une pluralite d'antennes 
(1^1 n ) a rayonnement zenithal reduit pour rece- 
voir simultanement des sequences de symboles co- 
des sequentiellement sur des voies de communica- 
tion distinctes depuis un point de transmission 
auxdites antennes — 1 n ), comprenant une plura- 
lite d'estimateurs de voies (3^3,,) respectivement 
couples auxdites antennes (1^ l n ) a rayonnement 
zenithal reduit pour deduire des estimations de re- 
ponses impulsionnelles desdites voies de commu- 
nication respectivement a parti r desdites sequen- 
ces recues, une pluralite de fiftres adaptes (2^2 n ) 
connectes respectivement auxdites antennes 
(1 1 — 1 0 ) a rayonnement zenithal reduit et associes 
respectivement auxdits estimateurs de voies 
(S.,-^), f'etat interne de chacun desdits filtres 
adaptes (2 1 —2 n ) etant variable en reponse au si- 
gnal de sortie de I'estimateur de voie associe, un 
calculateurde mesure de branchement (4) pour re- 
cevoir les sorties desdits filtres adaptes (2^ 2 n ) et 
lesdites estimations provenant desdits estimateurs 
de voies (3^3,,) pour calculer une mesure de bran- 
chement des signaux recus par les antennes, et un 
estimateur de sequence (5)' a maximum de vrai- 
semblance couple audit calculateur de mesure de 
branchement (4), caracterise en ce que ledit calcu- 
lates de mesure de branchement (4) comprend : 

une pluralite de calculateurs (12 1 ~12 n ) de 
coefficients de mesure de branchement pour 
deduire une pluralite de coefficients de mesure 
de branchement a partir des signaux de sortie 
desdits estimateurs de voies (3^ 3 n ), ou un 
seul calculateur (15) de coefficient de mesure 
de branchement pour deduire un seul coeffi- 
cient de mesure de branchement a partir d'une 
somme vectorielle des signaux de sortie des- 
dits estimateurs de voies (3, ~3 n ), cette somme 
vectorielle etant produite par un additionneur 
vectoriel (16); et 

des moyens d'addition (11 — 11 n . 13; 14) pour 
additionner les signaux de sortie desdits filtres 
adaptes (2^2,,) a ladite pluralite de coeffi- 
cients de mesure de branchement ou audit seul 
coefficient de mesure de branchement, pour 
produire ladite mesure de branchement. 

Recepteur diversite selon la revendication 1, dans 
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lequel chacun desdits estimateurs de voies (3!~3 n ) 
comprend une ligne de derivation a retard avec des 
elements de retard (7 1 ~7 m _ 1 ) connectes en s6rie a 
I'antenne (1 k ) a rayonnement zenithal r6duit asso- 
ciee, des multiplicateurs (8^8^ connectes a des s 
derivations successives de ladite ligne a retard, un 
registre (9) memorisant des coefficients de ponde- 
ration de derivation controlant les poids de deriva- 
tion desdits multiplicateurs, et un additionneur (10) 
additionnant les signaux de sortie desdits multipli- 10 
cateurs. 

Proc6d6 pour un recepteur diversity comprenant 
une pluralite d'antennes (1 n ) a rayonnement 
zenithal reduit pour recevoir simultanement des $6- is 
quences de symboles codes sequentiellement sur 
des voies de communication distinctes depuis un 
point de transmission auxdites antennes, une plu- 
rality d'esttmateurs de voies (3-,~3 n ) respective- 
ment couples auxdites antennes (1-, — 1 n ) & rayon- 20 
nement zenithal reduit pour deduire des estima- 
tions de reponses impulsionnelles desdites voies 
de communication respectivement a partir desdites 
sequences recues, une pluralite de filtres adaptes 
(2^2,,) connectes respectivement auxdites anten- 2s 
nes (1^1 n ) a rayonnement zenithal reduit et asso- 
ci6s respectivement auxdits estimateurs de votes 
(3-j ~3 n ), les coefficients de ponderation de deriva- 
tion de chacun desdits filtres adapted (2 1 ~2 n ) etant 
variables en reponse au signal de sortie de I'esti- 30 
mateur de voie associe, un calculateur de mesure 
de branchement (4) pour recevoir les sorties des- 
dits filtres adaptes (2 1 —2 n ) et lesdites estimations 
provenant desdits estimateurs de voies (3.,~3 n ) 
pour calculer une mesure de branchement des si- 35 
gnaux recus par les antennes, et un estimateur de 
sequence (5) a maximum de vraisemblance couple 
audit calculateur de mesure de branchement (4), 
caracterise en ce que ladite mesure de branche- 
ment est produite par : 40 

une deduction d'une pluralite de coefficients de 
mesure de branchement a partir des signaux 
de sortie desdits estimateurs de voies (3<,~ 3 n ), 
ou une addition de vecteurs des signaux de sor- 45 
tie desdits estimateurs de voies (3-,— 3 n ) et une 
deduction d'un seul coefficient de mesure de 
branchement a partir des vecteurs additionnes; 
et 

une addition des signaux de sortie desdits fil- so 
tres adaptes (2 1 ~2 n ) a une pluralite desdits 
coefficients de mesure de branchement ou 
audit seul coefficient de mesure de branche- 
ment. 

55 

Proc6d6 selon la revendication 3, comprenant en 
outre les etapes consistant a retarder les sequen- 
ces recues de symboles codes sequentiellement 



par des elements de retard (7 1 -7 m . l ), a multiplier 
les sequences retardees de symboles codes se- 
quentiellement par des coefficients de ponderation 
de derivation dans des multiplicateurs (8 1 ~8 m ), les 
coefficients de ponderation de derivation etant me- 
morises dans un registre (9), a additionner les si- 
gnaux de sortie desdits multiplicateurs (8! ~8 m ) par 
un additionneur (10), et a fournir le signal de sortie 
dudit additionneur (10) au filtre adapte (2 k ) corres- 
pondant. 
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